This article presents our current understanding of how actinomycin D binds to DNA and exerts its mechanism of action. Actinomycin is proposed to bind to a premelted DNA-conformation (known as beta-DNA) present within the transcription complex. This acts to immobilize the complex, interfering with the elongation of growing RNA chains. Nucleolar (ribosomal) 5S RNA synthesis is particularly sensitive to the presence of actinomycin, and this probably accounts for its pharmacological activity as well as its extreme toxicity to mammalian cells. This paper asks -might trace amounts of actinomycin given over an extended period of time prove to be a powerful anticancer chemotherapeutic regimen? KEY WORDS: Actinomycin toxicity and its anticancer activity, inhibition of the elongation of growing RNA chains in DNA transcription, actinomycin binds to a premelted beta-DNA conformation within the transcription complex preferentially inhibiting nucleolar (ribosomal) 5S RNA synthesis.
INTRODUCTION
Actinomycin D is a cyclic polypeptide containing antibiotic that binds to DNA and inhibits RNA synthesis ( Figure 1 ) [1] [2] [3] [4] . It does this by interfering with the elongation of growing RNA chains by the RNA polymerase enzyme [5] . Nucleolar (ribosomal) RNA synthesis is particularly sensitive to the presence of actinomycin, and this probably accounts for its pharmacological activity as well as its extreme toxicity to mammalian cells [6, 7] . 
Stereochemistry of actinomycin-DNA binding
A number of years ago, we determined the three-dimensional structure of an actinomycindeoxyguanosine complex by x-ray crystallography [8] [9] [10] [11] . This information suggested a model to understand the general features of how actinomycin binds to DNA. According to this model, the phenoxazone ring system on actinomycin intercalates between adjacent base-pairs, while pentapeptide chains lie in the narrow groove of the B-helix to form hydrogen bonds (in the case of d(pGpC) sequences) with guanine residues on opposite chains. Implicit in this model was the assumption that actinomycin binds to B-DNA, or a distorted form of B-DNA.
The possibility that actinomycin might bind to some other discretely different DNA conformational state was not envisioned at that time. A modification to this actinomycin-DNA binding model was subsequently proposed, which allows one to understand its mechanism of action (see Figure 2) . This model is similar to the original one; however, it predicts that actinomycin binds to (what we have called) beta-DNA (i.e., not to B-DNA) -beta-DNA being a metastable and hyperflexible premelted form inferred from our wider crystallographic studies of planar drug molecules intercalated into a series of DNA-like and RNA-like self-complementary dinucleoside-monophosphates [12] [13] [14] . Figure 3 shows this same (extended) beta-DNA structure "pinned" by ethidium. The complex is an organized right-handed double helical structure in which the beta-structural element plus the intercalator form the asymmetric unit of the helix. This maximally elongated and unwound DNA duplex-structure, pinned by ethidium (and other planar intercalators) at saturating concentrations, readily explains the well-known observation of neighbor-exclusion intercalative drug-binding [15] [16] [17] .
www.wjpr.net Figure 4 (a and b) shows an electron-micrograph of nucleolar genes undergoing very active transcription [18] , and my interpretation of this process which indicates the mechanism of action of actinomycin D [19, 20] .
Actinomycin intercalates into beta-DNA found within the boundaries connecting doublestranded B-DNA with single-stranded DNA in the transcription-complex. This immobilizes (i.e., "pins") the complex, interfering with the elongation of growing RNA-chains. In extremely active genes such as these, RNA polymerases lie in a close-packed arrangement along DNA. Interference with the movement of one polymerase by actinomycin is expected to inhibit the movement of other polymerases. This can explain why nucleolar RNA synthesis is so sensitive to the presence of actinomycin [21, 22] .
Can the extreme toxicity of actinomycin D be exploited to preferentially kill malignant cells?
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